fnendly because an interconnection line should be partitioned in as many parts as possible to achieve good fidelity The existing frequency domain simulators, such as SUPER-COMPACT or TOUCHSTONE, cannot manage the propagation of diBtal pulses The frequency-dependent transmission line characteristics including any source and load impedance can be transformed by the inverse FFT into the time domain, which is a simple and universal procedure The combined frequency and time domain scattering parameter analysis of Reference 6 has been used here Fig 2 shows the step responses of three scdling examples of the above-mentioned interconnect structure of 20 cm length
MODE LOCKING OF A CONTINUOUS WAVE NEODYMIUM DOPED FIBRE LASER WITH A LINEAR EXTERNAL CAVITY
Indexinq ferms Lasers and laser applications, Opticalfibres Dependent on the cross-sectional dimensions, the different losses taken into account (lossless, DC, Wheeler, broadband) affect the leading edge of the step and thus the delay time of the digital pulses. The previous considerations of the frequency-dependent resistance made in the frequency domain can be now proved in the time domain.
Wheeler's incremental inductance rule can be applied without any great error to model interconnect lines with relatively large cross-sectional dimensions (w = 10pm) because of a similar effect on the leading edge to that of broadband losses. Structures with relative small cross-section (w = 2pm) can be still calculated using DC loss assumption, yielding similar influence of the step response like those exactly calculated by the numerical treatment. There is an intermediate range of geometries (w = 5pm) and/or frequencies where the leading edge affected by the exact broadband losses clearly differs from that, where losses have been idealised or approximated. In this case, exact numerical calculations taking into account the broadhand skin effect in conductors are unavoidable.
In conclusion, the necessity of exact numerical treatment of frequency-dependent resistive losses in interconnect lines for some scaling ranges and/or frequency spectra is shown in the
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The mode locking of a neodymium-doped silica fibre laser using a linear external cavity is demonstrated. Pulses of -2oOps have been generated from a simple system which may potentially be scaled to high (GHz) repetition rates.
Introduction:
The realisation of ultra-high bit rates in optical telecommunications and signal processing with time-division multiplexing requires optical sources capable of emitting pulses at extremely high pulse repetition rates with moderately high average powers. Using conventional bulk electrooptic devices, mode locked pulse repetition rates from lasers are restricted to around 500MHz. Gain switched semiconductor lasers can reach much higher repetition-rates but the average output powers have been relatively low. In order to significantly increase pulse repetition rates, it may be necessary to develop pasive modulation techniques using nonlinear optical effects. Pulses at teraHertz repetition rates have been demonstrated through modulational instability,',' although only for moderately short pulse train lengths. A novel and extremely simple mode locking technique which is passive, in that it requires no direct modulation at the cavity round trip frequency, and which can yield quasi-continuous pulse trains of -50ms duration with repetition-rates determined only by the cavity length is reported.
The technique of mode locking using a linear external cavity was first demonstrated in a CW Ti : AI,O, laser' where it yielded pulses as short as 4Ops in trains of -20111s duration, with pulse repetition rates reaching 1GHz. Mode locking is observed when one of the mirrors in either the laser or the external cavity is moved with a velocity of the order -0.05 mjs. The underlying mechanism has not yet been fully identified, although it is surmised that key elements include (a) Sweeping the length mismatch of the two cavities (and therefore their resonance) at a rate which is appropriate for Q-switching the laser (b) Some nonlinearity in the laser amplifier (probably the optical Kerr effect) providing pulse compression in a manner perhaps similar to 'additive pulse mode locking' (APM).4
This effect in a CW Ti : A1,0, laser has been extensively characterised and is discussed in Reference 5.
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Experimental: The experiment described here concerns a neodymium doped fibre laser mode locked with a linear external cavity. Fig. 1 shows the scheme used. An Nd" doped fibre (0.5% Nd" by weight) of 37cm length provided the laser amplifier and the resonator was formed by butt-coupling a 100,um thick dielectric mirror (100% reflecting around 1.06bm, 95% transmitting at 514nm) M , at one end of the fibre, and an output coupler of 4% transmission M, at the other. The output was collimated and coupled into the external cavity with a x 20 antireflection coated microscope objective. A 97% reflecting beamsplitter BS and high reflector M, formed the external cavity. Mirror M, was mounted on an axial shaker (Bruel and Kjaer type 4810) of the type used in our scanning autocorrelator. The fibre laser was pumped through M, with up to 2.5 W CW argon ion laser radiation at 514nm through a x 10 microscope objective. The overall coupling efficiency of the pump radiation was estimated to be -50%, and the fibre was highly multimode at the pump wavelength. from the measured 15Ops photodiode-oscilloscope resolution) and modulation depth varied with cavity mismatch. The modulation depth was defined as the peak to background ratio of the mode locked pulse train. As the cavity length mismatch moves away from optimum, the pulse length broadens and the depth of modulation decreases. This pulse broadening is similar to that observed with the T i : AI,O, laser, but the change in modulation depth was not observed with that system. The performance of the laser mode locking was not highly sensitive to either the amplitude or frequency of oscillation of the shaker mirror, or to the pump power. The fibre laser operated simultaneously on a number of spectral modes between 1.05,um and 1.07,um both free running and when mode locked with the external cavity. The relative intensity of these modes was very sensitive to cavity alignment and fibre strain, but the mode locked output was surprisingly very stable in comparison. When mirror M, was removed, increasing the output coupling of the laser from 4% (the transmission of M2) to 96% (the transmission at the end of the fibre), and hence increasing the coupling between the cavities, the laser exhibited large relaxation oscillations and very poor, intermittent mode locking. These relaxation oscillations could not be suppressed by reducing the reflectivity of beam splitter BS or mirror M,, suggesting that a low loss laser cavity and perhaps weak coupling to the external cavity may be important factors for efficient mode locking.
The relatively modest repetition rate of 267 MHz could be increased by using a shorter length of fibre with a higher Nd3' dopant concentration. It is possible to obtain laser action with Nd" fibres of only a few centimetres length,' and we would expect such a laser to mode lock using the technique described here. Rather than moving a cavity mirror, the necessary oscillatory cavity length mismatch (or phase difference) could he provided using an electro-optic phase modulator or perhaps a piezoelectric fibre strainer.
Conclusion:
We have reported the mode locking of a neodymium doped fibre laser using the novel technique of linear external cavity feedback. Our previous work with Ti:AI20, suggests that this may be used in conjunction with much shorter cavities to produce higher pulse repetition rates. It is expected that the same technique will work with other laser amplifiers and may lead to the development of an extremely compact high-repetition-rate laser source. Unique sets of 2" phase coded pulses are introduced. Derived from any phase code, using simple transformations, these codes possess the useful property that the sum of all possible cross-correlations added to the sum of all autocorrelations within a set, produce a pulse compressed signal. This signal has a peak to sidelobe ratio equal to that for the autocorrelation function of the original untransformed code.
Introduction:
The concept of orthogonality between sets of complementary sequences has been described by Tseng and Lui.' The orthogonal property only applies between codes in different sets and complementary codes are known for their poor cross-correlation properties.
A method of producing a single set of 2" phase codes, from any starting code, such that all cross-correlation functions (CCFs) within the set sum t o zero is described in this letter. The pulse compression of the original phase code is preserved in the summed autocorrelation functions (ACFs).
Transformation from a basic code: Let a phase code of length
